The systematic status of Galatheacaris abyssalis is assessed on the basis of recently collected material. Mitochondrial DNA analysis reveals that the 16S rRNA sequence from one specimen is identical with that of Eugonatonotus chacei, while the COI sequences of the two taxa diverge only by 0.6% (3 bp), indicating that the two taxa are conspecific. Based on the morphological development of specimens attributed to G. abyssalis, we conclude that this taxon represents the megalopal stage of E. chacei. Therefore, the family Galatheacarididae and the superfamily Galatheacaridoidea should be abandoned.
INTRODUCTION
In the most up-to-date classification of Decapoda , 36 families are recognised within Caridea, placed in 16 superfamilies, although the validity of some of these superfamilies has also been recently put into question by Bracken et al. (2009) on the basis of a preliminary molecular analysis of caridean relationships using ribosomal RNA (rRNA) genes.
Notwithstanding the enormous morphological disparity of caridean shrimp, two families (and their corresponding superfamilies) exhibit an extreme morphology: Procarididae and Galatheacarididae. Procarididae are a species-poor group (2 genera, 5 species) of anchialine animals. Their systematic position has been debated for a long time (see Fransen and De Grave, 2009) , and they have variously been treated as a superfamily within Caridea (Chace, 1992; Holthuis, 1993) or a separate lineage (Felgenhauer and Abele, 1983; Christoffersen, 1988) . Bracken et al. (2010) clarified the position of Procarididae on the basis of an analysis of one mitochondrial gene (16S rRNA) and three nuclear genes (18S rRNA, 28S rRNA and histone 3). They confidently placed Procarididae as a sister group to Caridea, and advanced the group to infraordinal status as Procarididea Felgenhauer and Abele. This then leaves the aberrant family Galatheacarididae, erected for Galatheacaris abyssalis Vereshchaka, 1997 . Vereshchaka (1997 allied the family to Procarididae in view of the third maxilliped to fifth pereiopod being 7-segmented, and having unspecialised pereiopodal dactyli. However, the presence of a pectinate sinus on the mandible, articulated palps on the first and second maxillae, distal extensions of the propodus of the first and second pereiopod, and the small epipods led him to believe the family could not be accommodated within the superfamily Procaridoidea and thus a new superfamily, Galatheacaridoidea Vereshchaka was recognised.
The holotype specimen was collected during the Danish Galathea expedition in 1951, at a maximal depth of 4940-4970 m, although only described in 1997 (Vereshchaka, 1997) . Since then very few specimens of this taxon have come to light, with Chow et al. (2000) providing the only other published record, reporting on 15 specimens from the stomach of the lancetfish, Alepisaurus ferox, and 1 from a mid-water trawl net, from the eastern Indian Ocean. Further specimens have recently come to light in several museum collections, and these are reported upon here.
Aside from the initial contribution by Vereshchaka (1997) , no further discussions have appeared concerning the systematic status of this rather unique taxon, although several of our colleagues have remarked that this is more than likely to be a larval form. Based on newly collected specimens and especially a molecular analysis of one individual, we here report on the true status of these enigmatic specimens.
Abbreviations used are post-orbital carapace length (pocl), Zoological Museum Copenhagen (ZMU), Museum d'Histoire Naturelle, Paris (MNHN), Natural History Museum and Institute, Chiba (CBM), Oxford University Museum of Natural History (OUMNH), National Taiwan Ocean University, Keelung (NTOU). Juveniles, for Eugonatonotus chacei, refers to specimens with the rostrum only extending to about the tip of scaphocerite.
MATERIAL AND METHODS

Specimens
Galatheacaris abyssalis Vereshchaka, 1997 
DNA Analysis
The partial sequences of the mitochondrial 16S rRNA and cytochrome c oxidase I (COI) genes of a New Caledonian G. abyssalis (MNHN Na16771) and a Taiwanese E. chacei (NTOU M00876) were sequenced. The detailed procedures follow those described by Lavery et al. (2004) . Briefly, DNA was extracted using commercial DNA-binding columns (QIAGEN). Segments of 16S rRNA and COI genes were amplified by polymerase chain reaction (PCR) using 16Sar and 16Sbr (Simon et al., 1994) and COI-P3 and COI-P4 (Lavery et al., 2004) . Prior to sequencing, PCR products were purified using the QIAquick PCR purification kit, according to manufacturer's instructions (QIAGEN). Sequences of purified PCR products were obtained from both directions, using the same primer pairs as for PCR, by cycle sequencing using ABI PRISM Dye-Terminator Sequencing Kit (Applied Biosystems) and an Applied Biosystems Automated Sequencer (model 3100). Sequences were aligned using Clustal W 1.5c (Thompson et al., 1994) with adjustments made by eye. Sequence divergences were calculated using Mega 3 (Kumar et al., 2004) .
RESULTS AND DISCUSSION
Morphological Comparison of G. abyssalis and E. chacei
The specimens reported upon here as G. abyssalis were compared with the holotype. Although the specimens have a less inflated carapace, they are clearly conspecific with the holotype, on account of the pectinate mandibular sinus (Fig. 1A-B) , the segmented palp on the first (Fig. 1C) and second ( Fig. 1D-E ) maxilla, and the 7-segmented pereiopods having the exopod of equal size or longer than the endopod (Fig. 1G) . A number of further differences were noted. Compared to the holotype, the dorsal and ventral teeth (indentations) on the rostrum are fewer in number, whilst the post rostral crest also has fewer indentations (Fig. 2) . Although the carinae of the carapace are visible, they are far less pronounced than in the holotype, and in several specimens are only faintly delineated. The propodi of the first and second pereiopods do not have the extension (Fig. 1H) , which is present in the holotype.
A morphological comparison of E. chacei (both adults and juveniles) and G. abyssalis does not reveal many similarities. Adult E. chacei (Fig. 3C ) have a well developed rostrum, extending past the scaphocerite; a dentate, rostral carina forming a crest above the eyes and extending posteriorly to the end of the carapace; chelate first and second pereiopods; and dorsally carinated pleomeres (see Yu, 1988, 1991; Chace, 1997) . Juveniles (Fig. 3B) generally have the same appearance, but a much shorter rostrum (see also Chace, 1997) , and less developed carinae on the pleon. The holotype of G. abyssalis has a much shorter, downward curved rostrum with a poorly developed dorsal dentition, visible as indentations rather than teeth ( Fig. 2A) . A posteriorly extended rostral crest is present, albeit with poorly developed teeth (see Fig. 1 in Vereshchaka, 1997) . In the other material in the present study, the rostrum is less well developed (Figs. 2B, 3A) , with few indentations visible. Despite these differences, the posteriorly extended rostral crest appears similar in both taxa.
A further point of similarity between both taxa is the shape and armament of the frontal margin of the carapace below the eye (compare Fig. 1 in Vereshchaka, 1997 and Fig. 1 in Chan and Yu, 1991) . In G. abyssalis the pterygostomial angle is bluntly produced, whilst sharply produced in both adults and juveniles of E. chacei; however the latter can easily develop from the first. Furthermore, the prominent lateral ridges on the carapace in adult E. chacei are present in G. abyssalis, albeit in a less pronounced form (compare Fig. 3C with Fig. 1 in Vereshchaka, 1997) . These are however, less developed in the material at hand (Figs. 2B, 3A) .
The mouthparts of E. chacei were illustrated by Kubo (1937, as E. crassus) and Chace (1997) . A comparison of their structure with the mouthparts of G. abyssalis ( Fig. 1 ; see also Vereshchaka, 1997 ) reveals nearly no similarities; the structure of the mandible (Fig. 1A-B) , first (Fig. 1C) and second ( Fig. 1D-E ) maxilla of G. abyssalis being rather different for E. chacei. This is, however, not unexpected for larval taxa, which usually have different mouthpart structures.
One feature highlighted by Vereshchaka (1997) is the presence of well-developed exopods (Fig. 1G) , these being longer than the endopods in pereiopods 1-2. This can be considered a typical larval characteristic as it is common in many larval stages across Caridea. Unsurprisingly, in E. chacei the exopods are less than half the length of the ischium (see Fig. 14 in Chace, 1997) . Nevertheless, in E. chacei exopods are present on all ambulatory pereiopods, a uncommon characteristic in Caridea, and one shared with G. abyssalis.
Ecology and Geographical Distribution of G. abyssalis and E. chacei
On the basis of the gut content consisting of detritus, including sand particles and crustacean remains, Vereshchaka (1997) postulated that G. abyssalis was a benthopelagic form, living at a depth of 4500-5000 m. However, Chow et al. (2000) considered the taxon to be pelagic, and in all likelihood occurring at depths less than 300 m. This latter suggestion is consistent with the new specimens reported herein, but also with the depth distribution of E. chacei, which is reported to be 100-610 m (Chan and Yu, 1991). We therefore assume that the G. abyssalis holotype was collected by a Herring Otter Trawl, either when ascending or descending rather than when actively towing on the bottom. Vereshchaka (1997) argued that the holotype is an adult because of the presence of oöcytes. Re-examination of the holotype shows that it is dissected and internally there are no visible remains of any reproductive structures or hepatopancreas. Hence, we cannot be certain on what cells Vereshchaka (1997) based his assertion of oöcytes being present. The holotype, and indeed the newly available specimens, have many larval caridean characteristics, e.g., poorly developed chelae and well developed exopods, and we therefore doubt if indeed mature oöcytes were present prior to dissection.
Eugonatonotus chacei is a rather widespread species in the tropical West Pacific and the Indian Ocean, and has been recorded from Japan, Taiwan, the Philippines, Flores Sea, Australia and further east to Tonga (Chan and Yu, 1991; Chace, 1997) . All records of G. abyssalis fall well within the geographical range of E. chacei.
Mitochondrial DNA Sequences of G. abyssalis and E. chacei
The 16S rRNA sequences of Galatheacaris abyssalis (GenBank accession no. GU382668) and Eugonatonotus chacei (GenBank accession no. DQ642884) we obtained are identical, and they are also identical to the 16S rRNA sequence of E. chacei available in GenBank (accession no. EU868653). The COI sequences of G. abyssalis (GenBank accession no. GU382669) and E. chacei (GenBank accession no. GU382670) differ by 0.6% (3 base substitutions) and all substitutions are silent mutations at the third codon position. Such difference most possibly represents intraspecific variation. Thus, the molecular data provide strong evidence that the specimens are conspecific. In all available sequences of caridean shrimp, no two species share identical 16S rRNA or COI sequences (Lei, 2007; Bracken et al., 2009 Bracken et al., , 2010 . Hebert et al. (2003) proposed the use of a partial COI gene segment in identifying metazoan species. DNA barcoding has subsequently been applied to different animal groups with promising results (Hebert et al., 2004; Ward et al., 2005) and other gene sequences, notably from the rRNA genes, have also been used as DNA barcodes (Vences et al., 2005; Chu et al., 2006) . Two powerful applications of DNA barcoding are taxonomic identification of different life-history stages, particularly the larvae (Webb et al., 2006; Ahrens et al., 2007; Pfenninger et al., 2007) , and the discovery of cryptic species (Hebert, Penton et al., 2004; Moura et al., 2008; Vieites et al., 2009 ). There are also cases where previously described species are indicated to be conspecific based on DNA evidence (Yu et al., 2006; Chan et al., 2007; Hasting et al., 2008) . However, most of these cases involve closely related species, often presumably sister taxa, so that it is difficult to exclude the possibility of low sequence divergence of the markers used, or hybridization and introgression of the species. In the present study the two taxa in question, G. abyssalis and E. chacei, have been classified as different caridean families, so that the above alternatives are highly unlikely to be the explanations for the nearly identical DNA sequences between the two taxa. Thus, we are most confident that the two taxa are conspecific. Similarly, mitochondrial DNA analysis has shown that the penaeid genus Miyadiella is the juvenile form of Atypopenaeus (Chan et al., 2008) .
Galatheacaris abyssalis as a Larval Form of Eugonatonotus chacei
In the absence of any data on the life history of E. chacei, it remains unclear to which larval stage G. abyssalis refers. However, the presence of well-developed pleopods leads us to suggest that G. abyssalis is a megalopal stage (sensu Williamson, 1969 ) of E. chacei. This corresponds to the post-larval phase of Gurney (1942) , which in the majority of carideans is a single larval stage (Gurney, 1942) . However, the other material examined in the present study does not have the distal extensions on the propodus of the first 2 pereiopods, suggests that in E. chacei there are several megalopal stages. Although perhaps uncommon in Caridea as a whole, species of Heterocarpus (family Pandalidae) for instance have 3-5 megalopal stages (Menon, 1972) , where in each stage the larval form develops progressively more juvenile characteristics. Curiously, in Taiwan at least, E. chacei is often found amongst large commercial catches of Heterocarpus (Chan and Yu, 1988) . Whilst the two families are phylogenetically not closely related (Bracken et al., 2009) , this similarity in ecology, may lend credence to the hypothesis of several megalopal stages in E. chacei.
